Orientation of the beta subunit polypeptide of (Na+ + K+)ATPase in the cell membrane.
Although the animal cell (Na+ + K+)-ATPase is composed of two polypeptide subunits, alpha and beta, very little is known about the beta subunit. In order to obtain information about the structure of this polypeptide, the beta subunit has been investigated using proteolytic fragmentation, chemical modification of carbohydrate residues, and immunoblot analysis. The sialic acid moieties on the oligosaccharide groups on the beta subunit of (Na+ + K+)-ATPase were labeled with NaB3H4 after oxidation by sodium periodate, or the penultimate galactose residues on the oligosaccharides were similarly labeled after removal of sialic acid with neuraminidase and oxidation by galactose oxidase. All of the carbohydrate residues of the protein are located on regions of the beta subunit that are found on the non-cytoplasmic surface of the membrane. Cleavage of the galactose oxidase-treated, NaB3H4-labeled beta subunit by chymotrypsin at an extracellular site produced labeled fragments of 40 and 18 kDa, indicating multiple glycosylation sites along the polypeptide. Neither the 40 kDa fragment nor the 18 kDa fragment was released from the membrane by chymotrypsin digestion alone, but after cleavage the 40 kDa fragment could be removed from the membrane by treatment with 0.1 M NaOH. This indicates that the 40 kDa fragment does not span the lipid bilayer. The 40 kDa fragment and the 18 kDa fragment are also linked by at least one disulfide bond. The 18 kDa fragment also contains all of the binding sites found on the (Na+ + K+)-ATPase for anti-beta subunit antibodies. Both the 40 kDa fragment and the 18 kDa fragment were also generated using papain or trypsin to cleave the beta subunit. These data indicate that the beta subunit of (Na+ + K+)-ATPase contains multiple sites of glycosylation, that it inserts into the cell membrane near only one end of the polypeptide, and that one region of the polypeptide is particularly sensitive to proteolytic cleavage relative to the rest of the polypeptide.